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1 Introduction

The WI to introduce New Carrier Type (NCT) was agreed in [1].  This WI is divided into 2 phases.  The objectives in the 1st phase are:
· Specify necessary enhancements for transmission of data and control as well as the necessary UE mobility support on the New Carrier Type.

· Evaluate the benefits achievable from the standalone New Carrier Type over those achieved from legacy LTE and from the carrier aggregated New Carrier Type 

· Identify the scenarios for the standalone New Carrier Type

In this contribution we will discuss the last two objectives (highlighted in yellow above) regarding standalone NCT.

2 Discussion
The benefits identified for NCT in general were:

1. Spectral efficiency: This is achieved from reduced overheads especially from reduced CRS to a single port with 5 ms periodicity
2. Energy saving:  This is achieved via eNB DTX in subframes without CRS and/or introducing active/dormant state
3. Improved interference coordination in HetNet: The removal of legacy PDCCH channels allows interference coordination techniques like frequency-domain ICIC to be employed on the entire subframe thereby removing the limitations of ABS.
Table 1 compares these benefits between the legacy carrier, non-standalone NCT and standalone NCT.  In terms of energy savings and HetNet interference coordination, non-standalone NCT and standalone NCT offer similar benefits.  For spectral efficiency, non-standalone NCT does not need to transmit most of the control channels since they are transmitted by the legacy carrier.  However, standalone NCT needs to transmit all the required control channels.  It is feasible that some optimisation on these channels can be introduced (e.g. CSS on EPDCCH).   Due to this, the spectral efficiency of standalone NCT is not expected to be better than that in non-standalone NCT.
Observation 1: Standalone NCT does not increase the general benefits of NCT compared to non-standalone NCT.

Table 1: Benefit comparisons

	Benefits
	Legacy
	Non-standalone NCT
	Standalone NCT

	Spectral efficiency
	Baseline (all RS and channels are required)
	PBCH, CSS (PDCCH or EPDCCH), SIB & paging (PDSCH) are not required

Reduced CRS
	PDCCH not required

Some mechanism for transmission of MIB/SIB and paging is required

Reduced CRS

	Energy saving
	None
	DTX
	DTX

	HetNet interference coordination
	ABS
	Frequency domain ICIC
	Frequency domain ICIC


On the other hand, the usefulness of standalone NCT is to make the general benefits of NCT available to as many scenarios as possible.  
In order to identify whether standalone NCT is useful, we therefore consider the following question:

“If an additional carrier is being deployed, which type of carrier would be best: legacy, non-standalone NCT, or standalone NCT?”

· If legacy UE access to the additional carrier is required (e.g. filling coverage holes in macro layer), obviously a legacy carrier must be used, so standalone NCT would not be useful. 
· If legacy UE access is not required (i.e. the additional carrier is for capacity offload, or the additional carrier is on a new frequency for which the probability of legacy UEs is low), then a NCT may in principle be used

· Regardless of whether the NCT is standalone or not, legacy UEs remain on the macro layer

· Using NCT for the additional carrier enables Rel-12 (and later) UEs to be offloaded, with the general benefits of NCT as listed above compared to a legacy carrier.
· Using a Standalone NCT in these cases would enable the benefits of NCT to be available in cases where it is challenging (or even not possible) to aggregate the additional carrier with a legacy carrier, i.e. where non-standalone NCT cannot be used, e.g.:

· Scenario 1: The additional carrier is to be transmitted from a different site (e.g.  a new small cell) than any legacy carrier
· Employing inter-site CA by aggregating the additional carrier in the small cell with a legacy carrier in the macro cell may be difficult due to slow backhaul or multi-vendor deployments.  For such a scenario, standalone NCT can be deployed without facing these challenges of inter-site CA.
· Scenario 2: Coverage hole on the legacy carrier(s).  In many such cases, a legacy carrier would be preferred, but if not (e.g. in the case of a new frequency band),  aggregating an NCT with a legacy carrier is obviously not feasible, and therefore the only way to achieve the general benefits of NCT listed above is to deploy standalone NCT in the coverage hole.

A further scenario may be identified where aggregation of an NCT with a legacy carrier is not possible, namely a single-carrier co-channel het net deployment. In this case, the general benefits of NCT listed above can only be realised for the small cells if a standalone NCT is used. 
Observation 2: Standalone NCT makes available the general benefits of NCT in scenarios where it is challenging or not possible to aggregate a non-standalone NCT carrier with a legacy carrier, and standalone NCT is therefore useful where the general benefits of NCT outweigh the need for legacy UE support. Scenarios where standalone NCT would be useful therefore include:
· An additional carrier to be transmitted from a different site (e.g.  a new small cell) than any legacy carrier, especially with non-ideal backhaul;

· A coverage hole on the legacy carrier where legacy UE support is not required (e.g. a new frequency band);

· A single-carrier co-channel het net deployment.

These scenarios are illustrated in Figure 1. 

[image: image1.emf]Node B

NCT

3. Co-channel single-

carrier het net

NCT

1. New site; non-

ideal backhaul

NCT

2. New band; 

macro coverage hole, 

e.g. indoors

F0

F1

F2 (New)


Figure 1: Illustration of possible scenarios where standalone NCT  may be beneficial
3 Conclusion

In this contribution we discuss the potential benefits of standalone NCT and possibly relevant deployment scenarios.  It is observed that:  
Observation 1: Standalone NCT does not increase the general benefits of NCT compared to non-standalone NCT.

Observation 2: Standalone NCT makes available the general benefits of NCT in scenarios where it is challenging or not possible to aggregate a non-standalone NCT carrier with a legacy carrier, and standalone NCT is therefore useful where the general benefits of NCT outweigh the need for legacy UE support. Scenarios where standalone NCT would be useful therefore include:

· An additional carrier to be transmitted from a different site (e.g.  a new small cell) than any legacy carrier, especially with non-ideal backhaul;

· A coverage hole on the legacy carrier where legacy UE support is not required (e.g. a new frequency band);

· A single-carrier co-channel het net deployment.
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